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Abstract 
A procedure f o r  determining su l f i  t e  in inhibited ethylene I 
glycol-water solutions i s  presented. Hydrochloric acid and po- 
l tassium iodide are added to the glycol-water solution which i s  I 
then ti t rated w i t h  potassium iodate solution to  a turbidimetric 
end psi n t  provided by the oxidation of the 2-mercaptobenzothi a- 
zole inhibitor.  The instrumental method using a colorimeter to I 
detect the turbidimetric end point has a standard deviation of I 
about 0.2 in the 0-20 pg NapSOg per ml concentration range. 
Chemical Analysis, Glycols, 
Sul f i tes  , Phi 01 s 
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INTRODUCTION 
Sodium s u l f i t e ,  1% (w/w), i s  added t o  some sodium Z-mercapto- 
benzothiamole (NaMBT) solutions, (tradename NaCAP) , t o  prevent oxi- 
dation of the NaMBT. When the resulting solution i s  used to  prepare 
inhi bi Led ethylene glycol-water solutions fo r  Apol l o  spacecraft en- 
vironmental control systems ( I ) ,  the concentration of sodium su l f i  t e  
is  18 parts per million or  less .  Several colorimetric methods f s r  
determining low concentrations of s u l f i t e  or sulfurous acid were in- 
vesti gated or  considered. Fuchsi n-formal dehyde (2-6) or  pararosani - 
1 i ne-formal dehyde (7-8) have been used by a number of i nvesti gators . 
Steigmann ( 4 ) ,  in his investigation of the use of fuchsin as a colori- 
metri c reagent, s ta ted tha t  fuchsi n-formal dehyde gi ves a color wi t h  
sulfurous acid, thi  osul fa tes ,  mercaptans , or thi  o-acids. We proposed 
using mercuric chloride Lo precipitate the l a s t  three,  making the t e s t  
speeifi c for  sulfurous acid. After a preliminary experiment confirmed 
tha t  mercaptobennothi azole (MBI) reacts w i t h  fuchsin-formal dehyde to 
produce an interfer ing color, saturated mercuric chloride solution 
was added t o  i n h i b i  Led glycol-water solution to  remove the interfering 
th io l .  This procedure resulted in e rEaat ic  loss of the s u l f i t e .  A t -  
tempts to  use malachite green (9)  t o  determine su l f i  t e  concentration 
were also unsuccessful, apparently due to interference by the MBT. 
Determination of s u l f i t e  by psf arograghy was also investigated, b u t  
t he  a c i d i c  cond i t i on  requ i red  t o  detec t  s u l f i t e  and the  t reatment  
necessary t o  remove oxygen l e d  t o  unreproducible r e s u l t s .  Attempts 
t o  determine the  s u l  f i  t e  concentrat ion o f  t h e  g l yco l  -water s o l u t i o n  
by conventional ox ida t i on  t i  t r a t i o n  methods 9 us ing i o d i n e  o r  potas- 
s i  um i odate- i  odi de (10- 11 ) , were unsuccessful because a yo1 umi nous 
wh i te  p r e c i p i t a t e  preceded and obscured the  normal end po in t .  Iden- 
tifi ca t ion  of the  p r e c i p i t a t e  as 2,2'-di t h i o b i s  [benzothiazole] (MBTS) 9 
an ox ida t ion  product o f  the  MBT i n h i b i t o r ,  by i n f r a r e d  and mass spec- 
t rometry suggested using the  appearance o f  t he  p r e c i p i t a t e  t o  i n d i c a t e  
the  ti t r a t i o n  end p o i n t .  This paper describes an inst rumental  t i t r a -  
t i o n  procedure f o r  determining s u l f i t e  i n  i n h i b i t e d  g lycol -water  solu-  
t i o n s .  The method i s  based on t h e  reac t i on  o f  i od ine ,  l i b e r a t e d  by 
potassium ioda te  so lu t i on ,  w i t h  the  s u l f i  t e  i n  the  g lyco l -water  sample. 
An end p o i n t  i s  reached when a l l  the s u l f i t e  has been consumed and the 
i o d i n e  begins t o  o x i d i z e  the  MBT, producing a t u r b i d  so lu t i on .  
EXPERP MENTAL 
Potassium ioda te  s o l u t i o n  (1 m l  = 1 mg ~ a ~ S 0 ~ )  was prepared by 
d i s s o l v i n g  0.566 gram KI03, F isher C e r t i f i e d  Reagent, p rev ious ly  d r i e d  
a t  120°C f o r  1 hour, and 0.5 gram sodium bicarbonate i n  d i s t i l l e d  water 
and d i l u t i n g  t o  one l i t e r .  Potassium ioda te  i s  a pr imary standard. 
Potassium iodate solution (1 ml = 0.1 mg Na2S03) was prepared 
by d i lu t ing  the  above solut ion tenfold.  
Potassi um iodide solut ion,  5% (w/v) aqueous solution.  
Sodi urn sul  f i  t e  so lu t i  on, aqueous, 1000 ug/ml, was prepared by 
dissolving 1.0152g Na2S03 (Baker Analyzed Reagent, 98.5% assay) i n  
d i s t i l l e d  water and d i lu t ing  t o  one l i t e r .  This reagent i s  not Yery 
s t ab l e  and frequent standardization against  KI03 i s  necessary. 
Sodi um s u l f i  t e  solut ion,  glycol -s tabi  l i  zed, 1000 vg/ml, was 
prepared by seal ing 1 iqui d su l fu r  dioxide (Matheson Anhydrous Grade, 
99.98% min.) i n  small glass bulbs, breaking the  bulbs i n  a heavy- 
walled stoppered f l ask  containing 10 ml 20% NaOH and 90 ml of 35% 
ethylene glycol (Baker Analyzed Reagent) solut ion i n  d i s t i l l e d  water, 
and di  1 uting to  one l i  ter  w i  t h  the 35% ethylene glycol sol ution. The 
glycol-sulf i te  solution i s  qu i te  s tab le .  
Starch indicator  solution.  A t r a ce  of mercuric iodide was 
added as a preservative. 
Hydrochloric acid,  6N. 
The t i  t r a t i ons  were performed using Metrohm t i  t r a t i on  equipment, 
available from Brinkmann Instruments, Inc.,  Westbury, New York. The 
equipmnt consisted of a Potentiograph E 436, Multi-Titration Stand E 
436 E ,  w i t h  a 5 ml buret ,  and a Spectro-Calorimeter E 1009 with t i t r a -  
t i ng  equipmnt.  
The t i t r a t i o n  vessel was a  19 X 105mm c y l i n d r i c a l  cuvet te which 
was open t o  the atmosphere. Mechanical s t i r r i n g  w i t h  a  glass s p i r a l  
was ew loyed  a t  the maximum r a t e  which d id  not  cause a i r  bubbles t o  
be drawn i n t o  the sample so lu t ion.  The pos i t ions o f  both the s t i r r e r  
and the buret  de l ivery  t i p  were adjusted t o  the maximum depth which 
d i d  not  obst ruc t  the l i g h t  path. 
The Spectro-Col o r i m t e r  i s  connected t o  the Potent i  ograph by 
a  cable and the char t  dr ive  o f  the Potentiograph i s  d i r e c t l y  coupled 
t o  the buret  p is ton provid ing automati c recording o f  t ransmit ted 1  i g h t  
versus ti t r a n t  volume. 
Procedure 
Add 1.0 m l  o f  6N HC1 and 5 drops o f  K I  so lu t ion  t o  10.00 m l  of 
i n h i b i  Led ethylene glycol-water sample. T i  t r a t e  automat ical ly  w i t h  
KI03 so lu t i on  (1 m l  = 0.1 mg Na2S03) a t  a  wavelength o f  550 nm and a 
ti t r a t i o n  speed o f  about 0.35 m l  per minute. Continue the t i t r a t i o n  
past  the por t ion  o f  the ti t r a t i o n  curve where the change i n  trans- 
m i  t tance i s  l i n e a r  w i t h  respect t o  the change i n  volume. Determine 
the end p o i n t  graph ica l ly  by ext rapo la t ing t h i s  l i n e a r  po r t i on  o f  
the t i t r a t i o n  curve back t o  the po in t  where i t  in te rsec ts  the extended 
basel ine (Figure 1). 
Prepare a  blank by p lac ing 50.00 m l  o f  the i n h i b i t e d  ethylene 
glycol-water sample and 5.0 m l  6N HCl  i n  a f r i t t e d  glass yessel (coarse 
poros i ty )  and passing ni t rogen through the mixture f o r  one hour a t  a  
3 
r a t e  o f  0 - 2  - 0.3 f t  /hr. Add 5 drops o f  K% so lu t ion  t o  99.00 m l  of 
t h e  a c i d i f i e d  and deaerated s o l u t i o n  and t i t r a t e  t o  determine the  
blank value. 
RESULTS AND DISCUSSION 
Turbi  d ime t r i  c ti t r a t i o n s  usua l l y  i nvo lve  determining t h e  com- 
p l e t i o n  o f  a p r e c i p i t a t i o n  react ion.  This procedure t o  determine 
s u l f i t e  i s  somewhat unusual i n  t h a t  the  i n i t i a t i o n  o f  a p r e c i p i t a t i o n  
reac t i on  provides the  end p o i n t  o f  a volumetr ic  t i t r a t i o n .  Thus, the  
comparison standards requ i  red  f o r  conventional t u r b i d i m e t r y  are  un- 
necessary. I n  addi t i o n ,  t he  requirements f o r  stab1 e small  p a r t i  c l e  
s i z e  as discussed by Hochgesang (12) and Meehan and Chiu (13) are 
l ess  r e s t r i c t i v e  i n  determining when p r e c i p i t a t i o n  begins. Agglome- 
r a t i o n  o f  the MBTS p r e c i p i t a t e  does occur when the  so lu t i ons  a re  
al lowed t o  stand a f t e r  t i t r a t i o n ,  b u t  constant s t i r r i n g  du r ing  ti- 
t r a n t  add i t i on  and the  probable co-sol vent a c t i o n  o f  ethy lene g l y c o l  
promote apparent uni form p a r t i c l e  s i z e  dur ing i n i  ti a1 MBT o x i d a t i o n  
and permi t  a r e l a t i v e l y  prec ise  l o c a t i o n  o f  t he  " s t a r t  p o i n t "  of the  
p r e c i p i t a t i o n  ( t h e  end p o i n t  o f  the s u l f i  t e  ti t r a t i o n )  . 
The wavelength o f  550 nm was chosen t o  avoid a wide absorpt ion 
band centered a t  approximately 430 nm. The choice o f  wavelength was 
n o t  affected by the  c o l o r  o f  t h e  p r e c i p i  Late s ince MBTS i s  whi te.  
T i  t r a t i o n  speeds o f  0.35 ml/min o r  slower gave constant r e s u l t s .  
Faster  ti t r a n t  addi ti ons were n o t  adequately m i  xed because the  so l  u t i  on 
could no t  be s t i r r e d  f a s t e r  w i thou t  turbulence, 
The bas ic  reac t ions  invo lved i n  t h i s  determinat ion are g iven by 
equations (1)  and (2) .  The reac t ion  i n  equation ( 3 )  occurs a f t e r  t he  
reac t i on  o f  the t o t a l  s u l f i  t e  content and ind i ca tes  the  end p o i n t .  
To show t h a t  the  i n h i b i t o r s  i n  g lycol -water  so lu t i ons  (Table 1  g ives 
the  composi t i o n  o f  these so lu t i ons )  do n o t  i n t e r f e r e  w i t h  the  s t o i  ch io-  
me t r i c  reac t ions  o f  i o d i n e  and s u l f i  t e ,  increments of an aqueous Na2S03 
s o l u t i o n  were added t o  a  Type I Glycol-Water s o l u t i o n  and the  s u l f i t e  
was ti t r a t e d  ins t rumenta l ly .  The su l  f i  t e  addi Lions caused no change 
i n  the  shape of the  t i t r a t i o n  curve (F igure  1) and the  t i t r a t i o n  r e s u l t s  
(F igure 2) show the expected 1  i nea r  r e l a t i o n s h i p  between su l  fi t e  added 
and ioda te  required, demonstrating t h a t  t h e  i n h i b i t o r s  do n o t  i n t e r f e r e .  
To i n v e s t i g a t e  the  accuracy o f  the method, a l i q u o t  po r t i ons  o f  a  g l y c o l -  
s t a b i  1  i z e d  su l  f i t e  standard so lu t ion ,  prepared using a  known weight o f  
anhydrous s u l f u r  d iox ide,  were added t o  i n h i  b i  Led g lyco l -water  so lu t ions .  
When 116 pg Na2S03 were added, t r i p l i c a t e  determinat ions y i e l d e d  values 
of 112, 11 1, and 11 1  ug. The dev ia t i on  among the  r e s u l t s  was 0.3% and 
the  e r r o r  from the t r u e  value was 4.3%. To demonstrate the  p r e c i s i o n  
o f  the method, the  s u l f i t e  content o f  two i n h i b i  Led ethy lene g l yco l -  
water so lu t i ons  was determined repeatedly. The r e s u l t s ,  g iven i n  Table 2, 
indicate  t h a t  the  standard deviation is  constant i n  the desired s u l f i  t e  
range, 
The di f f i cu? t i e s  enceuntered i n  the conventional determination 
of s u l f i t e  and the  i n s t a b i l i t y  of s u l f i t e  solutions have been discussed 
by several invest igators  (14-18). Siggia,  Whi t lock and Tao (14) ob- 
served i n  analyzing pure sodi urn sul f i t e  i odometri cal ly  t h a t  "many resul t s  
would agree f a i r l y  well,  but a s i gn i f i c an t  number of analyses would 
y i e ld  low, e r r a t i c  resul ts ."  Siggia and his co-workers turned t o  an 
a1 ternate  procedure f o r  determining s u l f i  t e .  Hal l e r  (15) investigated 
the cause of e r r a t i c  resu l t s  i n  detemining s u l f i t e .  He theorized t h a t  
copper and iron s a l t s  leached from the walls of the  reaction vessel cata-  
lyze the oxidation of s u l f i  t e  by the  oxygen dissolved i n  the solution.  
His addit ion of 5% glycerol ,  a polyhydri c a1 coho?, t o  the  strongly basi c 
(10% NaOH) solut ion prevented loss of s u l f i t e  even when oxygen was blown 
through the solution o r  when the solution was heated. He a t t r ibu ted  
t h i s  e f f e c t  t o  the combination of the "negative catalyst ' '  (glycerol)  w i t h  
the "posi t ive  catalystsi '  (copper and i ron s a l t s )  . Urone and Boggs (16) 
a lso  found 5% glycerol e f fec t ive  i n  s t ab i l i z i ng  s u l f i  t e  solut ions .  Ruff 
and Jeroch (1 7) used manni to1 , another polyhydri c a1 coho1 , as a "negative 
ca ta lys t "  i n  determining s u l f i t e .  Baker and Day (18) observed t h a t  su l -  
furous acid i s  readily oxidized by dissolved oxygen i n  the  presence of  
d i l u t e  acids and t ha t  the  oxidation i s  great ly  f a c i l i t a t e d  by reaction 
between acids and a lka l i s  in  the  solution.  Haller concluded t h a t  a 
ce r ta in  loss  of su l fu r  dioxide i s  therefore bound t o  occur when the  
a1 k a l i n e  s u l f i  t e  s o l u t i o n  i s  a c i d i f i e d  before  ti t r a t i o n ,  b u t  he showed 
t h a t  the  g l y c e r o l  a d d i t i o n  was a l so  capable o f  prevent ing the cata- 
l y t i c  ox ida t i on  caused by a c i d i f y i n g  the so lu t i on .  He d i d  n o t  discuss 
l oss  o f  s u l f i t e  by d i f f u s i o n  i n t o  the  a i r .  
Ethylene g l yco l  , another po lyhyd r i c  a1 coho1 , apparent ly  i s  a l so  
e f f e c t i v e  i n  p r o t e c t i n g  su l  f i  te .  One Type I Glycol-Water s o l u t i o n  
(pH 8.5) conta in ing  3 micrograms o f  sodium s u l f i  t e  per  m i l l i l i t e r  was 
s tored i n  a brown glass b o t t l e .  I t  showed no loss o f  s u l f i t e  dur ing  
th ree months a1 though the  b o t t l e  was opened numerous times t o  remove 
s o l u t i o n  dur ing  t h a t  per iod.  
The a d d i t i o n  o f  ethy lene g l y c o l  t o  standard s u l f i t e  so lu t i ons  
r e s u l t s  i n  a much more s t a b l e  so lu t i on .  Whereas aqueous s u l f i t e  solu-  
t i o n s  l o s e  s t rength  ra the r  r a p i d l y ,  a 35% ethylene g l yco l  s o l u t i o n  con- 
t a i n i n g  1000 pg NapSOg per  m l  showed no loss  o f  s u l f i t e  i n  th ree weeks. 
I n  add i t ion ,  no l oss  o f  s u l f i  t e  was detected when oxygen was passed 
3 through the  s o l u t i o n  f o r  two hours a t  a r a t e  o f  0.1 ft / h r  o r  when 
n i t rogen  was passed through the  s o l u t i o n  f o r  17 hours a t  t he  same r a t e .  
The su l  f i  t e  content  o f  these h igh  concentrat ion so lu t i ons  was 
determined by i oda te  t i t r a t i o n  using s ta rch  i n d i c a t o r .  I n  one deter-  
minat ion using the  standard ASTM procedure, the  odor o f  s u l f u r  d iox ide  
was detected when the  s o l u t i o n  was a c i d i f i e d  j u s t  p r i o r  t o  ti t r a t i o n .  
The standard procedure was modi f ied  by adding a l l  b u t  1 m l  o f  t he  i oda te  
reagent be fore  a c i d i f i c a t i o n  and then completing the  ti t r a t i o n .  The 
modi f ied t i t r a t i o n  gave somewhat h igher  and more reproduc ib le  values 
than the standard t i  l r a t i  on. 
The complexity o f  the glycol-water so l  u t ions and the probabi l i t y  
t h a t  d i f f e r e n t  samples might contain one o r  more components from d i f -  
f e ren t  manufacturing l o t s  required a method o f  obtain ing a blank mere 
representat ive o f  the sample than a mixture o f  laboratory reagents might 
be. Accelerat ing the loss o f  s u l f i t e  from an ac id ic  sample so lu t i on  
appeared t o  be a convenient method t o  obtain t h i s  blank. Nitrogen was 
passed through a c i d i f i e d  Type I Glycol-Water solut ions w i t h  and w i  thout  
add i t iona l  Na2S03 f o r  various lengths o f  t ime as shown i n  Table 3. 
From t h i s  data, a deaeration time o f  one hour appeared t o  be s u f f i c i e n t  
t o  t o t a l l y  remove s u l f i t e  i n  the 0-20 pg/ml concentrat ion range. 
Detection o f  s u l f i t e  i n  i n h i b i t e d  glycol-water so lu t i on  by a com- 
p l e t e l y  independent method was achieved using pol  arography . I n  ac i d i c  
media, s u l f u r  d ioxide i s  po l  arographical l y  reduced t o  H2SOp a t  -0.37 
v o l t s  vs. S.C.E. (19). None o f  the other components o f  the i n h i b i t e d  
glycol-water so lu t ion  are polarographical ly  ac t i ve  i n  the 0 t o  -1 v o l t  
range and the only other reduct ion wave observed i s  due t o  the presence 
o f  dissolved oxygen. Removal o f  the i n t e r f e r i n g  owgen was accompl ished 
by s t rong ly  basi f y i ng  the so lu t i on  and deaerating w i t h  n i t rogen. Pol aro- 
graphic studies showed t h a t  some s u l f i t e  i s  removed from the so lu t i on  by 
deaerating a t  the nominal pH o f  8.5 and demonstrated t h a t  a l l  s u l f i t e  i s  
removed by deaerating the s t rong ly  a c i d i f i e d  so lu t ion  f o r  one hour, con- 
f i rm ing  the resu l t s  given i n  Table 3, 
Figure. i . 
Location of Instrumental  Ti t r a t i o n  End P ~ i n t  
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Figure 2- 
Demonstration o f  S to i ch iome t r i c  Oxidation of S u l f i  t e  i n  
Inh ib i  Led Ethylene Glycol-Water So lu t ion  Using Ioda t e  
Ti t r a n t  (1 m1 = 102.4 ug Na2S03) 
Volume (ml) 
o f  
Ioda te  T i  t r a n t  
Requi red 
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0 ,18  
Yo1 ume (ml ) of  634 pglml Na2S03 Added 
Table 1 
Composition o f  I n h i b i t e d  Eth lene 
Glycol -Water Sol u t i  ons (1 3 
Requi rement Type I Type I1  
Ethylene Glycol, % by weight 35.00 62.50 
Tr iethanol  ami ne Phosphate, % by weight 1.60 1.60 
Sodi urn Mercaptobenzothi azol e, % by weight 0.09 0.09 
PH 8.5 7.5 
Table '2 
Precis ion o f  Turbi d i  metr i  c Determination o f  Sodi urn 
S u l f i  t e  i n  I n h i b i t e d  Ethylene Glycol-Water Solut ions 
Low Concentrati on 
3.4 
3.8 
4.2 
3.9 
4.1 
3.9 
4.0 
4.0 
3.9 
4.1 
Average 3.9 
Standard Deviat ion 0.22 
Relat ive Standard 5.6% 
Deviat ion 
High Concentration 
19.8 
19.6 
19.4 
19.2 
19.3 
19.4 
19.2 
19.2 
19.1 
19.6 
Table 3 
Removal of Sulfi t e  by Acidification and Deaeration of 
Pnhi bi Led Ethylene Glycol -Water Solution 
Deaerati on Time, Volume (ml) Sodi um Su 1 f i t e  
Mi nu  tes KI03 Requi red Concentration (pg/ml ) 
Type I Glycol-Water 
Type I Glycol-Water 0 
6 0 
Type I Glycol-Water plus 0 
added Na2S03 
60 
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